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Abstract
In case of a disaster on a large scale the International Charter of Space and Major Disasters provides
satellite data from different sensors. Since the year 2000 more than 140 Charter Calls have proven the
great value of this fast disaster response instrument but have also shown different handling problems
causing time delay and downgrading the value of rapid mapping products. This paper proposes a
framework for a rapid mapping processing chain based on the experiences gathered during the 2005
flood crisis in Switzerland. It focuses on the pre-processing of satellite data, the valueadding step and
the visualization of the results. Critical elements are hereby the availability of essential datasets, the
processing time, the information extraction and the usability of the products for the end-users.
International programs containing rapid mapping elements as PREVIEW or GMES RESPOND and
RISK-EOS need further research on the abovementioned topics to improve the usability and
significance of their products and to improve the benefit of satellite data for disaster management
support.
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Abstract 
In case of a disaster on a large scale the International Charter of Space and 
Major Disasters provides satellite data from different sensors. Since the 
year 2000 more than 140 Charter Calls have proven the great value of this 
fast disaster response instrument but have also shown different handling 
problems causing time delay and downgrading the value of rapid mapping 
products. This paper proposes a framework for a rapid mapping processing 
chain based on the experiences gathered during the 2005 flood crisis in 
Switzerland. It focuses on the pre-processing of satellite data, the value-
adding step and the visualization of the results. Critical elements are 
hereby the availability of essential datasets, the processing time, the infor-
mation extraction and the usability of the products for the end-users. Inter-
national programs containing rapid mapping elements as PREVIEW or 
GMES RESPOND and RISK-EOS need further research on the above-
mentioned topics to improve the usability and significance of their prod-
ucts and to improve the benefit of satellite data for disaster management 
support. 
1 Introduction 
The great value of earth observation data to map the extent and damage 
of a disaster has been shown in different cases (e.g. Voigt et al. 2005, Al-
lenbach et al. 2005). The International Charter on Space and Major Disas-
ters (Charter) urges the member Space Agencies to acquire satellite images 
with highest priority and to deliver the datasets to Authorized Users (AU) 
as fast as possible. The datasets are delivered at no charge during a natural 
or man-made disaster on a large scale. Table 1.1 is a survey of the current 
members of the Charter with its earth observation satellites resources. 
Table 1.1 Charter members and their space resources 
Member Space Resources 
European Space Agency ESA  ERS 
ENVISAT 
PROBA 
Centre national d’études spatiales CNES (France) SPOT 
Canadian Space Agency CSA RADARSAT 
Indian Space Research Organisation ISRO IRS 
National Oceanic and Atmospheric Administration NOAA 
(USA) 
POES 
GOES 
Argentina’s Comisión Nacional de Actividades Espaciales 
CONAE 
SAC-C 
Japan Aerospace Exploration Agency JAXA ALOS 
National Aeronautics and Space Administration NASA (USA) ASTER 
TERRA 
AQUA 
United States Geological Survey USGS LANDSAT 
Disaster Monitoring Constellation DMC (led by UK with the 
partners Algeria, Nigeria, and Turkey) 
UK-DMC 
ALSAT-1 
NigeriaSat 
BILSAT-1 
China National Space Administration Beiijng-1 
Status: January 2007 
 
Furthermore the National Space Organization of Taiwan with its satellite 
Formosat, the commercial companies Digital Globe (QuickBird) and 
GeoEye (former Space Imaging) (Ikonos) have agreed to make their data 
available through CNES and USGS respectively. In the near future, the 
DLR TerrSar, the Italian Cosmo and the Chinese/Brazilian CBERS Satel-
lites will join the Charter too. These satellites resources have increased the 
temporal resolution of appropriate data during the last years substantially. 
The availability of valuable data with spatial resolution better than 10 me-
ters is adequate today and will further improve. Especially in remote re-
gions with poor accessibility, satellites are the best and in most cases only 
source available for up to date and reliable geo-information on a large 
scale. Independent of the remoteness and developing state of a country, 
disasters (e.g. strong earthquakes or floods) can destroy essential traffic 
lines and communication networks. Geo-information derived from satellite 
data is of great value for the planning and accomplishment of the disaster 
response actions. To further improve the benefit from satellite data for dis-
aster management, research into data pre-processing, the information ex-
traction and the appropriate visualisation under pressure of time has to be 
intensified. 
In August 2005, a stationary Vb cyclone transported very humid air from 
the Adriatic Sea towards the mountain range of the Alps and caused ex-
tremely heavy precipitation in the central part of Switzerland. It was the 
highest amount of rainfall ever measured since more than 100 years in the 
Alpine area. The subsequent floods, landslides and mudflows (Fig. 1.1) af-
fected large parts of Switzerland, killed six people and caused damage of 
more than 1.5 Billion €, mainly on traffic-lines, buildings and farmland 
(FOWG 2005). The National Emergency Operations Centre (NEOC) of 
Switzerland as AU invoked the Charter to get up-to-date satellite data to 
support the disaster management process. This Call was the 100th invoking 
of the Charter since it’s operational status in 2000 and is known as Charter 
Call 100. The National Point of Contact for Satellite Images of Switzer-
land (NPOC) was responsible as Project Manager (PM) and Value Adding 
Agency (VAA) to process and interpret the delivered data. The first dataset 
arriving at the NPOC was a SPOT5 scene acquired three days after the 
peak of the flooding (Seidel et al. 2006). 
 
 
Fig. 1.1 Left image: flooded campground at the shoreline of lake Brienz BE, right 
image: large mudflow in the village of Brienz BE; images © Swiss Air Force 
A variety of issues and bottlenecks concerning the application of satel-
lite data for disaster management support occurred at the NPOC along 
with this crisis event. The experiences within this case of emergency 
showed us the need for more research into processing of earth observation 
satellite data for rapid mapping applications. This paper deals with the 
main problems tackled during the 2005 flooding and proposes a frame-
work for an improved processing chain.  
2. Experiences within Charter Call 100 
Experiences from earlier Charter Calls point out the response time, avail-
ability and usefulness of the data, the narrow scope of the Charter and le-
gal problems as main issues (Ito 2005). During the chain of Charter Call 
100 we also faced other problems that have important impact on the value 
of the rapid mapping products. 
2.1 Data acquisition and delivery 
The point in time when the Charter is invoked is crucial. In case of Call 
100, the procedure was started not until three days after the disaster peak 
and therefore caused a loss of valuable time. This time-delay can be 
avoided if the AU is better aware of the possibilities and limits of earth ob-
servation data. During the Call 100, first SPOT5 satellite data arrived at 
the VAA six days after the disaster peak. The availability of trained and 
well-prepared VAA that can advise the AU and can take over the project 
management, data pre-processing and value adding steps is very important. 
To change the operational tasking of an earth observation satellite is a dif-
ficult and time-consuming challenge that needs up to 24 hours time de-
pending on the satellite system and the available ground stations. With the 
establishment of fast and easy to use data distribution networks and 24/7 
operational distributors, project managers and VAA, time can be gained 
within each step of data delivery chain. The selection of appropriate sen-
sors, which depends on the requirements of the affected region, is funda-
mental. Especially the spatial resolution but also other sensor specific 
properties as the spectral- and the radiometric resolution can affect the 
suitability of a sensor. Meteorological conditions and other external factors 
such as terrain-effects can additionally cause problems for the data proc-
essing. Not all satellite data is adequate for every disaster-type. During the 
Charter Call 100, RADARSAT-1 data acquired in standard beam mode 
with a spatial resolution of ca. 25 x 28 meters was delivered. Radar data, 
generally not affected by clouds, is a good option to monitor precipitation-
triggered disasters. But within Call 100 the spatial resolution was not suf-
ficient to classify the flooded areas of small spatial extent typical for the 
rough terrain of the Swiss Alps. A careful selection of adequate sensors 
and sensor-modes is important for achieving optimal results. 
2.2 Data processing and information extraction 
Data processing has to be well planned and organized before a disaster 
strikes. To achieve a fast and precise orthorectification it is essential to 
have reference datasets ready to use. Orthorectification is a prerequisite for 
combining satellite data with other geo-information and performing 
change detection analysis. In regions with a poor availability of high qual-
ity geo-data this can be a difficult and time-consuming prearrangement. 
Even in regions with sufficient reliable geo-information the data must be 
easily accessible and pre-processed in the appropriate format. High-
capacity hardware, suitable image processing software and skilled staff 
members have to be available to avoid an additional time delay. 
Optical satellite data is highly dependant on cloud cover. In the case of 
Call 100, dense clouds covered for several days after the heavy rainfall 
more than 80% of the affected area. Luckily the main valleys containing 
the lakes and rivers causing the big part of the damage were partially cloud 
free at the time the data was acquired. Nevertheless, cloud- and cloud-
shadows are major problems for the extraction of the flooded areas due to 
spectral similarity in most bands compared to water (Fig 2.1). Addition-
ally, illumination effects and the geometric and radiometric influences of 
the rough terrain aggravate the classification. Methods to handle these 
problems should be developed and tested in advance to gain valuable time 
in a disaster case. 
 
Fig. 2.1 section of the SPOT5 near-infrared band showing the spectral similarity 
of flooded areas and shadows 
2.3 Visualization and product delivery 
The link between the VAA and the end-users of rapid mapping products is 
not established well enough in Switzerland and other countries today. 
There are only very few research studies published dealing with the needs 
of end-users as disaster response teams and decision makers. Most persons 
in these positions are not used working with satellite data. Critical infor-
mation should be visualized in a manner that can easily be interpreted by 
non-professionals. Further feedback from end-users has to be gathered and 
analyzed and investigations about the most needed information have to be 
accomplished. New technologies such as the World Wide Web, Google-
Earth and focused geo-information systems may be used to improve the 
usability of rapid mapping products for end-users by better accessibility, 
faster updating and improved availability of datasets from remote regions.  
3 Rapid mapping processing chains 
Predefined processing chains are tools to optimize the process of the Char-
ter Call. They help to mitigate some of the main problems discussed 
above. Though data from different sensors and distinct disaster types have 
to be processed differently, the framework persists in most cases. Figure 
3.1 shows a processing chain proposed in a case where optical- and/or ra-
dar satellite data is applied. This proposition is mainly based on the expe-
riences gathered during the Charter Call 100 in Switzerland. 
 
Fig 3.1 Framework for a rapid mapping processing chain. Dashed boxes indicate 
processing steps that are optional. 
3.1 Data pre-processing 
The data delivered by the Charter is usually not or only inaccurately 
orthorectified. Precise orthorectification is crucial for applying change de-
tection algorithms and combining the satellite images with ancillary data. 
It is very important to store a reliable set of ground control points for the 
potentially affected regions. These dataset should be available, ready to 
use and well maintained before a disaster event. Especially in regions with 
poor geo-data coverage, this is n important point. If no reliable sets of geo-
data are available, the pre- and post disaster satellite data may also be 
orthorectified by an image-to-image matching algorithm. But the subse-
quent application of ancillary datasets will be more difficult and inaccu-
rate. 
In case of change detection algorithms it is important to process the im-
ages acquired at different points in time under various conditions to a 
comparable level. Therefore the atmospheric calibration and illumination 
correction are important steps within a processing chain including change 
detection. On the other hand, the radiometric calibration is a time consum-
ing process that requires further datasets, such as sensor- and orbit meta-
data and information about the atmosphere. In a Charter Case it is very 
likely that not all information needed is immediately available. The extrac-
tion of flooded areas in case of Charter Call 100 was possible without ra-
diometric calibration of the satellite data. For better comparability, the data 
sets may also be normalised to at sensor radiance using gain and offset 
calibration values. Depending the data type, the image quality and the 
available time, an illumination- and/or an atmospheric correction can fur-
ther improve the results (Lillesand and Kiefer 2000). The optimisation of 
radiometric calibration within rapid mapping chains should be a topic of 
further research. 
Clouds, cloud-shadow and cast-shadow may affect optical datasets and 
partially aggravate or even prevent the extraction of critical information. 
Unfortunately in the case of a disaster caused by heavy precipitation, the 
cloud cover is often stationary for many days. Radar datasets are negligi-
bly affected by clouds but are affected by layover, foreshortening and 
shadow, particularly in alpine terrain. Information extraction in these areas 
can cause loss of time and downgrade the results. The implementation of 
automatic cloud- and cloud-shadow extraction based on cloud ratios, geo-
metric information and digital elevation models as described in (Li M et al. 
2003) help to improve the results considerably. Further research is needed 
to find the most suitable algorithm for the special requirements of rapid 
mapping applications. 
3.2 Change detection and information extraction  
The feasibility for a fast and reliable classification of the crucial land-
cover items is highly dependant on the spatial pattern of the disaster and 
the affected area. Detection of flooded areas especially in flat terrain is 
simpler than the recognition of a damage caused by small landslides and 
mudflows. Mountainous terrain causes several additional problems such as 
higher probability of cloud-cover, cast-shadow, snow- and ice cover, geo-
metric- and scale effects that have to be considered (Buchroithner 1995). 
An object-based classification approach enables the implementation of 
additional information as intrinsic, topological and contextual information 
compared to the traditional pixel-based approach. Furthermore, the inte-
gration of thematic data from non- remote sensing sources is simpler 
(Benz et al. 2004). Our investigation into object-based classification for 
rapid mapping of flooded areas in mountainous terrain has yielded promis-
ing results (Buehler et al. 2005) The classification procedure in the object-
based approach can be filed as a processing scheme and reactivated during 
a future Charter Call with comparable sensors fitted with only few adapta-
tions. These processing schemes are developed, evaluated and enhanced 
prior to a disaster event. This saves a lot of handling time for a future 
emergency. A disadvantage of the object-based method is the high amount 
of processing power and memory needed, slowing down the classification 
process. Research on object-based classification with special consideration 
of rapid mapping demands should be intensified and expanded to further 
disaster types such as landslides, mudslides, avalanches etc. 
3.3 Visualisation 
Decision-makers and civil protection staffs in the field are typically 
working over capacity during an emergency. In these situations the critical 
information has to be visualised in a coherent manner and on appropriate 
background to cover the needs of the disaster management. Only very few 
investigations into end-user requirements during a disaster event are pub-
lished today (e.g. Koehler 2005). To be effective, the rapid mapping prod-
ucts have to consider the information network of the disaster management 
organisation. Figure 3.2 shows an enhanced final rapid mapping product 
developed at the NPOC implementing the experiences made with the 
Charter Call 100. The information about the flooded areas has been ex-
tracted from a SPOT5 dataset and was combined with the familiar layout 
of the digital topographic map of Switzerland. The two water level classes 
are identified due to the different spectral reflection of deep and shallow 
water. The map allows identifying disconnected traffic routes and affected 
general infrastructure. In order to improve these products and to investi-
gate the essential information for the different end users, further case stud-
ies have to be accomplished. Feedback from the different Charter Calls 
have to be collected, evaluated and published. 
 
Fig 3.2 Enhanced rapid mapping product showing flooded areas extracted from 
satellite data superposed on top of the topographic map of Switzerland 
4 Conclusions 
Our experience with Charter Call 100 during the flooding 2005 in Switzer-
land revealed various critical elements of the processing of earth observa-
tion satellite data for rapid mapping. Considering the current technical 
possibilities it needs to be possible to deliver the first appropriate satellite 
datasets to the VAA within 24 hours after a disaster event. In another six 
to twelve hours, first rapid mapping products need to be available. Invok-
ing the Charter, the tasking of appropriate satellites and the data delivery 
may result in major loss of time. The lack of important ancillary data, lack 
of experience with the data pre-processing and information extraction and 
unsuitable hard- and software are time constraining but preventable ele-
ments. With the predefinition of the data pre-processing approach, infor-
mation extraction and the visualisation within a processing chain, the rapid 
mapping workflow can be optimised and accelerated. We propose a 
framework for a processing chain based on the experiences gathered with 
Charter Call 100 (Fig. 3.1). The timely availability of different base-
datasets in the proper format is very important for rapid processing. Table 
4.1 specifies the most important datasets required to be available in high 
quality prior to a disaster event. We are prepared to deliver first rapid 
mapping products for Switzerland within four to six hours after the arrival 
of the raw satellite data. The availability of the basic datasets, the prepara-
tion of optimized processing chains and the training of the staff members 
are identified to be the most important preconditions. 
Table 4.1. Most important basic datasets for the rapid mapping chain 
Dataset Application in the processing chain 
Digital Elevation Model DEM Orthorectification, radiometric correc-
tion, cast shadow extraction, classifica-
tion, information extraction, visualisation 
Satellite orbit information Orthorectification, radiometric correction 
Topographic maps, aerial images Orthorectification, visualisation 
Ground control points GCP Orthorectification 
Archive satellite data (cloud-free, same 
season) 
Change detection, visualisation 
Ancillary data (land-use maps, popula-
tion density maps, map of sensible infra-
structure etc.) 
Visualisation, information extraction 
 
Within the rapid mapping processing chain, we observed a major lack of 
research on data pre-processing, information extraction and end-user re-
quirements. The importance of rapid mapping for disaster management 
support has been recognized and different international initiatives for op-
erational applications have been initiated. UNOSAT and GMES 
RESPOND are already well-established programs with the aim of making 
rapid mapping products accessible for the humanitarian community. 
PREVIEW was founded recently to develop and produce enhanced infor-
mation service for risk management on a European level. These programs 
require further research on rapid mapping processing chains in order to 
improve the suitability and significance of their products for disaster man-
agement. The chance of getting appropriate satellite data for rapid map-
ping applications improves with every earth-observation satellite that is 
launched. To improve the benefit from the rising availability of earth ob-
servation data, the research into the data pre-processing and the informa-
tion extraction has to be intensified. 
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